cell sRCC (p = 0.035). In multivariable analyses, nonclear cell sRCC conferred a higher risk of cancer-specific death compared with clear cell sRCC (HR 2.30, 95 % CI 1.38-3.82, p = 0.001). Conclusions In a cohort of patients treated surgically, the underlying histologic subtype of sRCC had an impact on CSS. These results present valuable information for individual counseling and patient selection in clinical trials.
Introduction
Sarcomatoid differentiation of renal cell carcinoma (RCC) may arise in any histologic subtype, and it is widely considered to portend a poor prognosis [1] [2] [3] [4] [5] . However, it is not clear whether the underlying histologic subtype of sarcomatoid-variant RCC (sRCC)-i.e., conventional clear cell, papillary, chromophobe, collecting duct, and unclassified-influences the natural history of the disease. A prior study at this institution suggested better progression-free survival among patients with metastatic sRCC in the presence of conventional clear cell histology [1] . Conversely, studies of the general RCC population that included mostly patients with clinically localized disease found better outcomes in patients with nonconventional clear cell histologic subtypes, notably papillary and chromophobe RCC [6] .
In this era of increasingly individualized care and in light of a renewed interest in adjuvant therapies for RCC [7] , we hypothesized that a better characterization of patients treated by surgery for sRCC may be helpful for individual counseling and for patient selection in clinical trials. Patient stratification based on underlying tumor Abstract Purpose To report survival outcomes of patients treated surgically for sarcomatoid-variant renal cell carcinomas (sRCC) and to assess whether the underlying histologic subtype is an independent predictor of outcome. Methods One hundred and fifty-one patients underwent surgery at a referral center between 1991 and 2014 and had sRCC in final pathology. Kaplan-Meier curves for metastasis-free survival and cancer-specific survival (CSS) were calculated, and the log-rank test assessed differences between clear cell sRCC and nonclear cell sRCC. Cox regression models were generated to test the prognostic value of histologic subtype. Results Of 151 patients, 120 (79 %) had clear cell sRCC and 31 (21 %) had nonclear cell sRCC. Ninety-eight (65 %) patients had M0/Mx disease at presentation. Among those M0/Mx patients, metastasis-free survival probabilities were 49 % at 2 years [95 % confidence interval (CI) 38-60] and 39 % at 5 years (95 % CI 28-50), while CSS probabilities were 50 % at 2 years (95 % CI 41-58) and 32 % at 5 years (95 % CI 24-41). There was no significant difference in metastasis-free survival between clear cell and nonclear cell sRCC (p = 0.8). However, patients with nonclear cell sRCC had significantly lower CSS than patients with clear histology has been performed in recent clinical trials targeting patients with metastatic sRCC [8] . However, the impact of underlying histology subtype on sRCC outcome has not been studied extensively, especially in the case of surgically treated patients.
Herein, we report survival outcomes of patients treated surgically for sRCC and assess whether the underlying histologic subtype has prognostic value.
Methods

Patients
After obtaining institutional review board approval, we identified 151 patients who underwent radical nephrectomy or partial nephrectomy at Memorial Sloan Kettering Cancer Center (MSKCC) from 1991 to 2014 and whose tumors had sarcomatoid features in the pathologic specimen. Baseline patient characteristics were abstracted from a prospectively maintained institutional database and included patient age, gender, body mass index (BMI), American Society of Anesthesiologists (ASA) score, and smoking history.
Pathology
Histologic subtype was assigned based on recommendations of the International Union Against Cancer (UICC) and the American Joint Committee on Cancer (AJCC), and the Heidelberg classification system [9] , which categorizes RCC into conventional clear cell, papillary, chromophobe, collecting duct, and unclassified RCC subtypes [10] . Tumor and nodal classifications were attributed according to the 2002 AJCC TNM classification system [11] . sRCC was characterized by pleomorphic spindle cells and/or giant cells reminiscent of sarcoma, along with epithelial cells that typify RCC [2, 12] . Tumor size and the presence of positive surgical margins were documented. The percentage of sarcomatoid differentiation was not included in the analyses, notably because it was not available for all patients and because it does not uniformly add prognostic value [1-4, 13, 14] .
Metastasis-free survival and cancer-specific survival (CSS)
The typical follow-up schedule at our institution includes office visits with review of general health, physical examination, abdominal computed tomography or ultrasound, chest radiography, and laboratory exams every 6 months for 3 years and then annually thereafter. Analysis of distant metastases was based on the first evidence of distant relapse in clinical and radiologic findings and was assessed for only those patients classified as M0/Mx at diagnosis. For patients who died during the duration of the study, the cause of death was determined by the investigators through review of medical records or death certificates.
Statistical analysis
Kaplan-Meier survival analysis was used to calculate the probability of metastasis-free survival and CSS. For the purpose of our analyses, nonconventional clear cell histologic subtypes were grouped together because each subtype represented only a few cases. A log-rank test was computed to test for differences in metastasis-free survival or CSS. Adjusting for pathologic classification (T1/T2 vs. T3/T4), tumor size, and surgical margin status, multivariable Cox regression models for the risk of distant metastasis and cancer-specific death were generated to assess whether the underlying histologic subtype of sRCC was an independent predictor of outcome. Additionally, the model for cancerspecific death was adjusted for metastatic status at presentation. Twenty-five patients who died of RCC were not listed as having had distant metastases; for metastasis-free survival analyses, we assumed that these 25 patients had metastases at the time of death. Patients who had metastases at diagnosis (M1) were excluded from the analyses of timeto-distant metastasis. All statistical analyses were completed using Stata 13 (StataCorp, College Station, TX, USA). A two-sided p value <0.05 was considered significant.
Results
Of 151 patients, 120 (79 %) had conventional clear cell sRCC and 31 (21 %) had nonconventional clear cell sRCC (Table 1) . In all, 111 of 151 patients (74 %) had pathologic classification T3 or greater, and 36 of 151 (24 %) had lymph-node-positive disease. Ninety-eight of 151 patients (65 %) had no evidence of metastatic disease at presentation.
Median follow-up for survivors was 3.1 years (interquartile range 0.6-6.2 years). Of 98 M0/Mx patients, 51 developed metastases. Of the entire cohort of 151 patients, 93 died from their disease. Median metastasis-free survival among patients without metastases at presentation was 1.9 years [95 % confidence interval (CI) 1.1-5.8], and median CSS among all patients was 1.8 years (95 % CI 1.0-3.1). Overall, 2-and 5-year metastasis-free survival probabilities among M0/Mx patients were 49 % (95 % CI 38-60 %) and 39 % (95 % CI 28-50 %), respectively. CSS probabilities among all patients were 50 % (95 % CI 41-58 %) at 2 years and 32 % (95 % CI 24-41 %) at 5 years. There was no significant difference in metastasis-free survival between conventional clear cell and nonconventional clear cell sRCC (p = 0.8) (Fig. 1) . However, CSS differed significantly between conventional clear cell and nonconventional clear cell sRCC, as patients with nonconventional clear cell sRCC exhibited lower CSS than patients with conventional clear cell sRCC (p = 0.035) (Fig. 2) .
Next, multivariable Cox regression models were used to assess whether the underlying histology of sRCC is predictive of distant metastasis or cancer-specific death when controlling for pathologic stage, tumor size, surgical margin status, and metastatic status at presentation. We found no evidence that the underlying histology subtype was an independent predictor of distant metastasis (p = 0.8) (Table 2 ). However, tumor histology was predictive of cancer-specific death: Nonconventional clear cell sRCC was associated with a significantly higher risk of cancerspecific death when compared to conventional clear cell sRCC (HR 2.30, 95 % CI 1.38-3.82, p = 0.001).
Discussion
According to UICC and AJCC recommendations, sRCC should not be considered a distinct histologic subtype [10] . Rather, sRCC is considered representative of a common pathway of high-grade RCC transformation [15] . The reported incidence of sRCC ranges from 5 to 8 % of all RCC cases [2] [3] [4] and may account for an even higher percentage in patients with locally advanced tumors. In this study, we investigated whether the underlying histologic subtype of sRCC impacts survival among patients who underwent surgical tumor removal. Overall, prognosis was poor in this population. However, a subset of patients benefited from surgery and showed prolonged CSS. In particular, conventional clear cell sRCC was associated with lower risk of cancer-specific death compared with nonconventional clear cell sRCC.
A few previous studies have investigated similar questions; however, patients with metastatic disease at presentation were either studied exclusively or comprised a large proportion of the patients studied. Molina et al. [1] showed that progression-free survival after systemic therapy was better for those patients with metastatic sRCC whose tumors had a conventional clear cell histologic background. However, no multivariable analyses were reported for their study. Similarly, Golshayan et al. [13] showed that patients with metastatic sRCC and underlying conventional clear cell histology were more likely to respond to vascular endothelial growth factor-targeted therapy. Conversely, in studying 120 patients with sRCC, 66 of whom had clinically localized disease, Cheville et al. [3] found that the underlying histologic subtype of sRCC was not predictive of death after surgery. However, their study included only 16 patients with nonconventional clear cell histology, precluding definitive conclusions. Their results were in agreement with those from Shuch et al. [4] , who reported that histology did not impact prognosis in a cohort of 104 surgically treated sRCC patients, most of whom had metastatic disease. Our study contrasts with these previous reports by the fact that it represents a larger surgical series including a majority of patients with clinically localized sRCC.
In our series, median metastasis-free survival among M0/Mx patients was 23.4 months and median CSS among all patients was 21.6 months. These numbers are slightly higher than those derived from older surgical series that reported median CSS ranging from 8 to 19 months [2, 3] . This difference may reflect the downward stage shift Nonconventional clear cell 31 (21) associated with modern imaging [16] , leading to a higher number of sRCC cases diagnosed earlier, as localized disease. Although our findings may seem intuitive, they do confirm what has become accepted in clinical practice: sRCC is locally aggressive and is characterized by great metastatic potential. It has been postulated that the poor prognosis of sRCC is related to evidence of epithelial-mesenchymal transition (EMT), a process during which tumor cells lose their epithelial features and acquire mesenchymal characteristics as well as invasive properties [17] . Sarcomatoid elements in RCC are characterized by molecular alterations associated with EMT, including increased expression of vimentin and Snail and low expression of E-cadherin [18] . It has also been proposed that aggressive features of sRCC are related to robust hypoxia signatures [19] . Having said that, we show for the first time in a surgical series including mostly patients with clinically localized sRCC that conventional clear cell histology is associated with a survival benefit. In fact, 50 and 32 % of patients with conventional clear cell sRCC were alive at 2 and 5 years after surgery, respectively. Further molecular studies are warranted to dissect the mechanisms underlying the potential survival advantage conferred by conventional clear cell histology in the setting of sRCC. Future research should also confirm the previously suggested hypothesis that patients with metastatic conventional clear cell sRCC respond better to systemic therapies [1, 13] . Unfortunately, detailed data on salvage therapies were not available for the current cohort. Of note, a potential explanation as to why no difference was found in the model for metastasis-free survival is that patients who were metastatic at diagnosis were excluded from that model, since they already had metastasis. This may have reduced the power of the analysis to detect a difference in metastasis-free survival by histology, as evidenced by the wide confidence interval. Recent years have seen the advent of targeted therapies in metastatic RCC, which have had a profound effect on patient survival [20] [21] [22] [23] [24] [25] . Their proven efficacy in the advanced setting has led to current evaluation in the adjuvant setting for intermediate-to high-risk RCC [7] . These advances in therapy, however, have not translated into significant survival benefits for patients whose tumors exhibit sarcomatoid features [1, 13, 14] . Similarly, clinical trials investigating cytotoxic chemotherapy containing doxorubicin and/or gemcitabine regimens have yielded disappointing results in sRCC [8, 26, 27] . Therefore, all of these agents are unlikely to be effective in the adjuvant setting in cases of sRCC. Novel effective therapies are urgently needed. Interestingly, the presence of intratumoral immune cells expressing programmed cell death-1 (PD-1) is associated with sarcomatoid differentiation in RCC [28] . PD-1 inhibitors therefore represent a highly anticipated class of agents in the treatment of RCC [29] . Our results, derived from patients with mostly localized sRCC, provide helpful information for patient counseling as well as evidence-based rationale for patient stratification utilizing underlying histologic subtype in clinical trials, thereby achieving relatively homogeneous treatment groups with respect to risk. Our study is retrospective in nature and therefore subject to potential selection bias, such as including only patients fit for surgery. We did not perform a central pathologic review. However, pathologic specimens were assessed by dedicated urologic pathologists accustomed to evaluating malignancies using international guidelines [10] . The percentage of sarcomatoid differentiation was not available for all tumors and thus was not used as a factor for this analysis. However, based on previous studies, this variable does not uniformly add prognostic value [1-4, 13, 14] . In addition, considering the large size of most sRCC tumors, calculating the percentage of sarcomatoid differentiation may be random and misrepresentative of the true proportion. In fact, reporting the percentage of sarcomatoid differentiation is not required according to the Institutional Society of Urological Pathology 2012 Consensus Conference guidelines [30] .
Conclusions
In a cohort of patients treated surgically for sRCC, the underlying histologic subtype had an impact on CSS. Nonconventional clear cell histology was associated with lower CSS than conventional clear cell histology and was an independent predictor of cancer-specific death. These results present valuable information for individual counseling and provide a rationale for patient stratification in clinical trials.
